In the course of experiments aimed at the isolation of new strains of Clostridium acetobutylicum, an isolate was obtained that produced n-butanol and ethanol but neither acetone nor isopropanol. This organism, designated strain MG1, was characterized and found to be identical with one strain (DSM 665) of a group of strains for which Nakamura et al. (17) had applied the name "C. tetanomarphum." The ability to produce n-butanol from glucose in large quantities has been found to be an additional characteristic of the strains of this group.
MATERIALS AND METHODS
Bacterial strains. Strain MG1 was isolated from soil taken from the rhizosphere of bean roots. Escherichia coli K-12 (DSM 498) and B (DSM 613) were obtained from the German Collection of Microorganisms, Gottingen, Federal Republic of Germany. The clostridial strains belonging to either the C. cochlearium or the "C. tetanomorphum" group (17) were obtained from the National Collection of Type Cultures, London, England, and the German Collection of Microorganisms. The strains are listed in Table 1 .
Isolation and culture methods. Soil samples were taken from potato fields and the rhizosphere of bean roots and roots of other leguminous plants by the method of Calam (6a) . The samples were pasteurized by heating for 10 min at 80°C, and samples were inoculated into phosphate-limited medium containing the following ingredients in 1 Determination of DNA base composition and DNA-DNA homology. After isolating the DNA by the method of Marmur (15) , the guanine-plus-cytosine (G+C) content (moles percent [mol%]) of the DNA was determined from its thermal denaturation temperature (16) . The DNA-DNA hybridization was measured from DNA renaturation rates (8, 9) (11) are included for comparison. Acetone was readily detectable among the products formed by all strains except MG1. The same was true for acetoin, which was produced by C. acetobiutvlicurn, C. beijerinckii, and C. aiurantibltvrici,n in small amounts but not by strain MG1. The course of product formation and other growth parameters of strain MG1 are depicted in Fig. 1 . Butyrate and acetate were produced, and the pH dropped from 6.5 to 5.2. The formation of n-butanol started after a short lag and continued for some time after growth ceased. That n-butanol was formed during growth of the organism is apparent from Fig. 2 . By using a medium with 6% (wt/vol) glucose and keeping the pH constant at 6.6, n-butanol was produced as long as the cells grew. Thereafter, only the formation of ethanol and gaseous products continued. C. aurantibutyricum in regard to a number of taxonomically relevant properties (Table 3) .
Differences were encountered with respect to the optimal growth temperature, the G+C content, indole formation, hydrogen sulfide formation from organic sulfur compounds, utilization of milk, and the form and position of spores. This indicated that the new isolate could not be assigned to one of these species.
Because of the terminal position of the spores in strain MG1 and some correspondence in other properties, MG1 was compared with strains of C. cochlearium, C. lentoputrescens, and "C. tetanomorphum" which had been studied recently (17) . On the basis of DNA-DNA homology studies, 11 strains of the above species were subdivided into two groups. One group (seven strains) was designated C. cochlearium and the remaining four strains were designated "C. tetanomorphum" (Table 1) .
In Table 4 , the results of experiments are summarized in which strain MG1 was compared with some strains of the C. cochlearium and "C. tetanomorphum" groups. DNA-DNA hybridization of strain MG1 with strain DSM 665 ("C. tetanomorphum") showed 98 to 100% homology.
The strains of the two groups produced only traces of ethanol and n-butanol when they were grown on glutamate. Approximately 1.1 mol of acetate and 0.4 mol of butyrate were formed per mol of glutamate consumed by all 11 strains of the two groups. With glucose as substrate, only strains belonging to the "C. tetanomorphum" group showed good growth. They reached optical densities of more than 2.0 after 24 h, whereas these values were in the order of 0.6 to 1.3 for the C. cochlearium strains. Correspondingly, the product Table 3 .
bGrowth medium contained 100 mM sodium L-glutamate.
Growth mediumn contained 100 mM D-glucose.
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DISCUSSION
The formation of n-butanol by C. acetobutylicuim, C. beijerinckii, and C. aurantibutyricum is always accompanied by the formation of acetone or isopropanol (11) . Species such as C. pasteurianum, C. sporogenes, and C. cadaveris produce only minor amounts of n-butanol, and acetone and isopropanol are not detectable (11) . Strain MG1, isolated in the course of our attempts to obtain new C. acetoblutylicum strains, differed from all these species in that it did not form acetone or isopropanol but produced n-butanol as a major fermentation product from glucose or other sugars. At a constant pH of 6.6, n-butanol formation was associated with growth, and after termination of growth, only ethanol and CO2 plus H2 were formed. When the pH was allowed to decrease to pH 5.2 during growth, some butanol was also formed in the stationary phase. C. acetobutylicum produces butanol and acetone in association with growth in continuous culture at a low pH (1, 3, 4) . In batch culture, the organisms switch over from acetate-butyrate to butanolacetone formation only after growth ceases, and the pH increases from below 5 to ca. 5.2 (7) . As reported for C. berjerinckii (10), strain MG1 did not require a low pH for the onset of n-butanol formation, and the solvent was formed during exponential growth. The regulation of butanol formation in strain MG1 must, therefore, be different from the one in C. acetobutylicuim. Whereas morphological changes of C. acetobutylicuim cells in the direction of spore formation seem to occur before the shift to solvent formation (14) , such changes and the formation of spores have not been observed with strain MG1 under the conditions of butanol production. In addition, it has been demonstrated that some enzymes specifically involved in acetone and butanol formation are not present or are only present in low amounts in C.
acetobutylicuim cells from the exponential-growth phase (2).
For strain MG1, it can be assumed that these enzymes are synthesized constitutively.
On the basis of the DNA-DNA homology of 98 to 100%
between strain MG1 and the Clostridiium sp. strain DSM 665 (formerly "C. tetanomorphum"), the new isolate should be assigned to the "C. tetanomorphuim" group of Nakamura et al. (17) . In the 8th edition of Bergey's Manuial (6) as well as in the Approved Lists of Bacterial Nacmes (18), "C. tetainomorphuim" is no longer recognized as a species. The reason for this is the results of Takahashi et al. (19) , which demonstrated that this species consisted of two distinct groups of strains. Nakamura et al. (17) made an attempt to reclassify these strains and strains of C. cochleariuim and C. lentoputrescens. They suggested that three strains that are distinct from the above species form a new species for which the name "C. tetanomorphutm" should be retained. This conclusion is fully supported by the data presented here, and additional distinctive properties are reported. Only the "C.
tetanomorphuim" strains show good growth on D-glucose and completely degrade 2% (wt/vol) D-glucose; only these strains produce n-butanol as a main fermentation product from D-glucose.
